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Abstract
Pneumonectomy after traumatic lung injury (TLI) is associated with shock, increased pulmonary vascular resistance, and 
eventual right ventricular failure. Historically, trauma pneumonectomy (TP) mortality rates ranged between 53 and 100%. It 
is unclear if contemporary mortality rates have improved. Therefore, we evaluated outcomes associated with TP and limited 
lung resections (LLR) (i.e., lobectomy and segmentectomy) and aimed to identify predictors of mortality, hypothesizing that 
TP is associated with greater mortality versus LLR. We queried the Trauma Quality Improvement Program (2010–2016) and 
performed a multivariable logistic regression to determine the independent predictors of mortality in TLI patients undergoing 
TP versus LLR. TLI occurred in 287,276 patients. Of these, 889 required lung resection with 758 (85.3%) undergoing LLR 
and 131 (14.7%) undergoing TP. Patients undergoing TP had a higher median injury severity score (26.0 vs. 24.5, p = 0.03) 
but no difference in initial median systolic blood pressure (109 vs. 107 mmHg, p = 0.92) compared to LLR. Mortality was 
significantly higher for TP compared to LLR (64.9% vs 27.2%, p < 0.001). The strongest independent predictor for mortality 
was undergoing TP versus LLR (OR 4.89, CI 3.18–7.54, p < 0.001). TP continues to be associated with a higher mortality 
compared to LLR. Furthermore, TP is independently associated with a fivefold increased risk of mortality compared to 
LLR. Future investigations should focus on identifying parameters or treatment modalities that improve survivability after 
TP. We recommend that surgeons reserve TP as a last-resort management given the continued high morbidity and mortality 
associated with this procedure.
Keywords Traumatic lung injury · Trauma pneumonectomy · Limited lung resections
Introduction
Thoracic trauma accounts for 20–60% of all trauma inju-
ries and is a major contributor to trauma-related mortality 
[1–4]. The true incidence of traumatic lung injury (TLI) is 
unknown, as many patients with thoracic trauma die prior to 
arrival at the hospital [5, 6]. Among those presenting with 
thoracic trauma, pulmonary contusion is found in 30–75%, 
and pneumothorax and/or hemothorax in 20% of patients 
[2, 7]. Typically, most patients presenting with chest trauma 
require less invasive interventions, such as chest tube place-
ment; however, in rare and severe cases, surgical resection 
may be necessary. TLI requiring surgical lung resection and 
the extent of lung resected are associated with increased 
morbidity and morality [8]. Overall, less than 0.1% of 
patients with chest trauma require any type of lung resec-
tion; however, patients who do undergo lung resection have 
significantly higher mortality rates [9–11].
Mortality rates for lung resection vary based on the extent 
of surgical resection. Rates are 10–22% for a wedge resec-
tion, 27–70% for a lobectomy, and 53–100% for a trauma 
pneumonectomy (TP) [9, 12, 13]. Although less extensive 
lung resection techniques, such as wedge resections, may 
result in lower mortality rates, they may not always be 
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feasible, especially when patients present with more severe 
lung injuries that are not amenable to this technique. More 
devastating injuries such as major hilar or bronchial inju-
ries warrant more extensive lung resections, which are also 
associated with longer operative times and increased blood 
loss [9, 12, 14]. Previous studies comparing trauma patient 
outcomes associated with varying degrees of lung resec-
tion demonstrated that more extensive lung resections were 
associated with increased complications, and that the extent 
of lung resection is an independent predictor of mortality, 
even after adjusting for injury severity [9, 14].
The purpose of this study was to evaluate if in-hospital 
mortality in patients with TLI undergoing TP and limited 
lung resections (LLR) (i.e., lobectomy and segmentectomy) 
have improved compared to historical reports by analyzing 
data collected from the Trauma Quality Improvement Pro-
gram (TQIP) database. We hypothesized that TLI patients 
undergoing TP had higher mortality rates compared to those 
undergoing LLR. Additionally, we performed a contempo-
rary analysis of TLI to determine if mortality rates after 
TP have improved over time and identified independent risk 
factors associated with mortality after TLI.
Methods
This retrospective cohort database study was approved by 
the Institutional Review Board. The manuscript adheres 
to the relevant guidelines outlined in the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) statement [15].
Study population
The TQIP of the American College of Surgeons is a qual-
ity improvement vehicle where Level I and II trauma cent-
ers can electively contribute data and in turn, receive an 
annual confidential report benchmarking outcomes com-
pared to other trauma centers [16]. We queried the TQIP 
database between 2010 and 2016. The study included all 
trauma patients ≥ 18 years old presenting with lung inju-
ries (i.e., laceration, contusion, pneumothorax, hemotho-
rax, hemopneumothorax, etc.) defined by the International 
Classification of Diseases version 9 (ICD-9) diagnosis 
codes: 860–860.5 and 861.2–861.32 who underwent surgi-
cal management, including pneumonectomy, lobectomy, or 
segmentectomy that were identified using the ICD-9 pro-
cedure codes: TP (32.5, 32.59), lobectomy (32.41, 32.49), 
and segmentectomy (32.3, 32.39). There was no exclusion 
criteria. We also identified patients who underwent damage 
control surgery (DCS) with the ICD-9 procedure code for 
re-incision of recent thoracotomy site (34.03) to determine 
if there was a difference in DCS rates between TP and LLR, 
and if DCS affected survival in TP patients.
Patient demographic information was collected in addi-
tion to injury-related data, median systolic blood pressure 
(SBP), Glasgow Coma Scale (GCS) score on arrival, con-
comitant traumatic injuries, and pre-hospital comorbidities. 
Pre-hospital comorbidities included congestive heart fail-
ure (CHF), smoking, diabetes, hypertension, and chronic 
obstructive pulmonary disease (COPD). The injury pro-
file included the injury severity score (ISS), mechanism 
of injury, and comorbid injuries to the spine, brain, pel-
vis, heart, stomach, small and large bowel, pancreas, liver, 
spleen, and kidney.
Outcomes
The primary outcome was in-hospital mortality. Second-
ary outcomes included: total hospital length of stay (LOS), 
intensive care unit (ICU) LOS, ventilator days, and compli-
cations such as acute respiratory distress syndrome (ARDS), 
cardiac arrest, and pneumonia.
Statistical analysis
We compared the outcomes between patients undergoing 
TP versus LLR. Additionally, we examined the trends over 
time of trauma patients undergoing TP and LLR between 
2010 and 2016. A power analysis was performed and sam-
ple size determination was made to guarantee an adequate 
significance of the results obtained from this study. Sample 
size estimates were for Type I error of 5% (α = 0.05) and 
power (1 − β) of 90%. The effect size was determined by 
estimating mortality as 55% in the TP group and 40% for 
the LLR group [9, 12, 13]. It was determined that a sample 
size of at least 462 patients split between the two groups 
would be needed to generate sufficient statistical power to 
detect a difference. Descriptive statistics were performed for 
all variables. A Mann–Whitney U test was used to compare 
continuous variables and chi-square was used to compare 
categorical variables. Categorical data were reported as per-
centages, and continuous data were reported as medians with 
interquartile range or means with standard deviation.
We performed an analysis to identify predictors of 
morality in TLI patients. The magnitude of the association 
between predictor variables and mortality was measured 
using a univariable logistic regression model. These vari-
ables were chosen based on a review of the literature, and 
included age, surgery type (TP vs. LLR), cardiac injury, 
traumatic brain injury (TBI), ISS, and pulmonary compli-
cations (i.e., pneumonia, ARDS) [8, 9]. Covariates were 
then controlled for using a hierarchical multivariable logis-
tic regression model. This was reported with an odds ratio 
(OR) and 95% confidence intervals (CI). All p values were 
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two sided, with a statistical significance level of < 0.05. All 
statistical analyses were performed with IBM SPSS Statis-
tics for Windows, Version 24. (Armonk, NY: IBM Corp).
Results
TLI patient demographics and characteristics
Of the 287,276 adult patients presenting with TLI, 889 
(0.31%) underwent a lung resection, with  758 (85.3%) 
undergoing LLR and 131 (14.7%) undergoing a TP. The TP 
and LLR groups had a similar median age (28 years old, 
p = 0.99) and both groups were predominately males (TP: 
84.7%; LLR: 87.5%, p = 0.39). There were no differences 
in prehospital comorbidities, except for smoking (6.9% vs 
16.6%, p < 0.01) and COPD (0.8% vs 5.4%, p = 0.02) which 
were lower in the TP group (Table 1). Patients who under-
went a TP had a higher median ISS (26.0 vs. 24.5, p = 0.03), 
lower median GCS on admission (4.5 vs 13.0, p < 0.001), 
but no difference in initial median SBP (109 vs. 107 mmHg, 
p = 0.92). The most common mechanism of injury in both 
groups was gunshot wound (TP: 48.1%; LLR: 46.2%, 
p = 0.69).
Primary and secondary outcomes
The overall mortality of those requiring lung resection was 
32.7%. Mortality was significantly greater in those under-
going TP compared to LLR (64.9% vs 27.2%, p < 0.001). 
Patients who underwent TP had shorter median hospital 
LOS (2.5 vs. 13 days, p < 0.001) and median ventilator days 
compared to those who underwent LLR (2 vs. 4, p = 0.03) 
(Table 2). The median ICU LOS was similar between TP 
and LLR groups (4 vs. 7 days, p = 0.05). There were sig-
nificantly more patients who had cardiac arrest (TP: 31.3%; 
LLR: 12.7%, p < 0.001) in the TP compared with the LLR 
group. There was no difference in the number of patients 
who developed ARDS (TP: 7.6%; LLR 9.4%, p = 0.52) 
between the two groups. Fewer patients in the TP group 
developed pneumonia compared with the LLR group (TP: 
8.4%; LLR: 17.0%, p = 0.01). There was no difference in 
the number of patients who underwent DCS between both 
groups (TP: 7.6%; LLR: 7.9%, p = 0.91).
Trends of lung surgeries in TLI patients performed 
over time
The overall rate of lung resections did not change from 
0.28% in 2010 to 0.31% in 2016 (p = 0.56) (Fig. 1). The rate 
of TP among those who required lung resection remained 
statistically similar from 22.0% in 2010 to 12.2% in 2016 
(p = 0.16) (Fig. 2).
Mortality risk factors in TLI patients
In a multivariable logistic regression model, the strongest 
independent risk factor for mortality was undergoing TP 
versus LLR (OR 4.89, CI 3.18–7.54, p < 0.001) followed by 
ISS ≥ 25 (OR 3.09, CI 2.23–4.29, p < 0.001) (Table 3). Other 
Table 1  Demographics of trauma patients presenting with lung injury 
and undergoing lung resection between 2010 and 2016
Significant p-values are in bold
LLR   limited lung resection (lobectomy/segmentectomy), IQR   inter-
quartile range, ISS injury severity score, SBP  systolic blood pressure, 
GCS Glasgow Coma Scale, COPD chronic obstructive lung disease
Characteristic LLR Pneumonectomies p value
(n = 758) (n = 131)
Age, year, median (IQR) 28 (20) 28 (17) 0.99
Male, n (%) 663 (87.5%) 111 (84.7%) 0.39
ISS, median (IQR) 24.5 (18) 26.0 (22) 0.03
SBP, mmHg, median 
(IQR)
107.0 (49) 109.0 (53) 0.92
GCS, median (IQR) 13.0 (12) 4.5 (11) < 0.001
Mechanism, n (%)
    Stab wound 80 (10.6%) 7 (5.3%) 0.06
    Gunshot wound 350 (46.2%) 63 (48.1%) 0.69
    Motor vehicle 
accident
107 (14.1%) 17 (13.0%) 0.73
    Pedestrian struck 17 (2.2%) 3 (2.3%) 0.97
    Bicycle accident 7 (0.9%) 1 (0.8%) 0.86
    Fall 35 (4.6%) 8 (6.1%) 0.46
    Suicide 84 (11.1%) 19 (14.5%) 0.26
Comorbidities, n (%)
    Congestive heart 
failure
1 (0.1%) 1 (0.8%) 0.16
    Smoker 126 (16.6%) 9 (6.9%) 0.004
    Diabetes mellitus 18 (2.4%) 1 (0.8%) 0.24
    Hypertension 55 (7.3%) 5 (3.8%) 0.15
    COPD 41 (5.4%) 1 (0.8%) 0.02
Injuries, n (%)
    Traumatic brain 
injury
114 (15.0%) 29 (22.1%) 0.04
    Spine 217 (28.6%) 28 (21.4%) 0.09
    Pelvis 77 (10.2%) 10 (7.6%) 0.37
    Upper extremity 182 (24.0%) 37 (28.2%) 0.30
    Lower extremity 69 (9.1%) 15 (11.5%) 0.40
    Cardiac 71 (9.4%) 19 (14.5%) 0.07
    Stomach 37 (4.9%) 4 (3.1%) 0.36
    Small intestine 33 (4.4%) 4 (3.1%) 0.49
    Colorectal 43 (5.7%) 6 (4.6%) 0.61
    Pancreas 11 (1.5%) 0 (0.0%) 0.17
    Liver 161 (21.2%) 26 (19.8%) 0.72
    Spleen 96 (12.7%) 19 (14.5%) 0.56
   Kidney 62 (8.2%) 6 (4.6%) 0.15
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independent risk factors for mortality include: age ≥ 65 years 
(OR 2.97, CI 1.44–6.10, p < 0.01), cardiac injury (OR 2.26, 
CI 1.38–3.70, p < 0.01), TBI (OR 1.75, CI 1.15–2.67, 
p < 0.01), and ARDS (OR 2.59, CI 1.45–4.62, p = 0.001).
Discussion
To our knowledge, this is the largest database study in the 
United States that examined TLI in adult patients, compared 
mortality rates between different surgical interventions, and 
reported trends in surgical procedures over time. Impor-
tantly, this retrospective analysis using seven years of data 
from TQIP demonstrated that TP continues to have a sig-
nificantly higher mortality than that of LLR among patients 
with TLI requiring surgical intervention. Furthermore, TP 
was identified as the strongest risk factor for mortality in 
TLI patients. Although we reported that patients who under-
went TP had shorter LOS and ventilator days compared to 
LLR, these patients had higher in-hospital mortality rates 
and most likely died early in their hospital course, thereby 
skewing these data. In addition, the current mortality rate 
of TP appears relatively unchanged compared to previous 
reports, thereby reinforcing the need for future research on 
this highly lethal operation.
The prevalence of lung resections in thoracic trauma was 
previously reported to be 0.08% with higher rates after pen-
etrating (1.3%) compared with blunt injury (0.03%) [9]. Huh 
et al. performed a single-center retrospective review between 
1984 and 1999 and reported mortality rates of 69.7% for 
TP and 35.0% for lobectomy [11]. Similarly, a review of 
669 TLI patients undergoing lung resection identified in the 
National Trauma Database by Martin et al. reported mor-
tality rates of 62% for TP and 38% for lobectomy. Even in 
isolated TLI, the mortality rate for TP was 53% and 27% for 
lobectomy [9]. More than a decade after these reports, we 
demonstrated that patients undergoing TP had a mortality 
rate of 65% and 27% for LLR.
Although the mortality rate for TP remains high and simi-
lar to historical reports, our analysis revealed that trends for 
TP and overall lung resection in TLI patients remained sta-
ble between 2010 and 2016. The extent of lung resection is 
associated with longer operative times, increased blood loss, 
and higher perioperative morbidity and mortality [9, 12, 14]. 
For example, pulmonary tractotomy preserves lung tissue 
in patients requiring emergent thoracotomy and presenting 
with penetrating or blunt through-and-through pulmonary 
parenchyma injury not involving hilar structures [11, 17, 
18]. For patients with hilar or irreparable main bronchus 
injuries where TP may not be avoided, rapid stapled pneu-
monectomy may improve outcomes, as the survival of the 
patient may be related to the rapidity by which the hilum is 
Table 2  Clinical outcomes of trauma patients presenting with lung 
injury and undergoing lung resection between 2010 and 2016
Significant p-values are in bold
LLR limited lung resection (lobectomy/segmentectomy), LOS length 
of stay, IQR interquartile range, ICU intensive care unit, ARDS acute 
respiratory distress syndrome
Outcome LLR Pneumonectomy p value
(n = 758) (n = 131)
LOS, days, median (IQR) 13 (16) 2.5 (14) < 0.001
ICU, days, median (IQR) 7 (14) 4 (18) 0.05
Ventilation, days, median 
(IQR)
4 (11) 2 (8) 0.03
Damage control surgery 60 (7.9%) 10 (7.6%) 0.91
Complications
 ARDS 71 (9.4%) 10 (7.6%) 0.52
 Cardiac arrest 96 (12.7%) 41 (31.3%) < 0.001
 Pneumonia 129 (17.0%) 11 (8.4%) 0.01
Mortality, n (%) 206 (27.2%) 85 (64.9%) < 0.001
Fig. 1  Overall trend of lung 
resection in trauma patients 
with lung injury
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compressed and the lung is resected [18]. Another technique 
reported in other studies is twisting the pulmonary hilum 
in central lung injuries to gain rapid control of hemorrhage 
and postpone pneumonectomy [11, 19]. Nonetheless, this 
study emphasizes the clinical implication that lung-sparing 
techniques should be performed whenever possible.
The use of DCS techniques have successfully improved 
survival rates in severe abdominal, vascular, and orthopedic 
trauma, and have recently been applied to those with tho-
racic injuries [17, 20, 21]. However, there are few single-
center studies with small patient sample sizes that describe 
the impact of DCS on outcomes in patients with TLI [19, 21, 
22]. Studies that report lower overall mortality rates (~ 24%) 
associated with DCS still find the highest mortality rates 
in patients who undergo TP (up to 67%), compared to less 
invasive surgeries such as lobectomy or wedge resection [19, 
21]. This highlights that the cause of death after TP is differ-
ent than the cause of death after DCS for abdominal hem-
orrhage and it is important for the clinician to understand 
that the mortality associated with TP may not necessarily 
be related to the procedure alone.
Previous studies that explored surgical outcomes after 
TP have attributed the cause of mortality to concomitant 
intraabdominal or severe head injuries, greater overall ISS 
on presentation, and uncontrolled hemorrhage leading to 
refractory shock [8, 9, 12]. Martin et al. found that the low-
est survival rates in TP patients were seen in those who 
presented with hypotension, ISS ≥ 15, and low GCS [9]. 
Our study supports these findings, demonstrating a three-
fold increase in mortality in patients with ISS ≥ 25 and a 
nearly twofold increase in those with TBI. Furthermore, 
earlier studies have found a stepwise increase in mortality 
with extent of lung resection [8, 9, 19, 23]. Our study cor-
roborates these findings and further demonstrates a fivefold 
increased risk of mortality with TP compared to LLR after 
controlling for significant risk factors for mortality in trauma 
patients such as ISS, cardiac injury, and complications (i.e., 
ARDS).
Poor outcomes associated with TP may also be in part 
due to cardiopulmonary stress. Previous animal studies 
have demonstrated that pneumonectomy results in an acute 
increase in pulmonary vascular resistance (PVR) due to an 
increase in pulmonary artery pressure without significant 
change in cardiac index [24]. This is thought to be mediated 
by cytokine release associated with hemorrhagic shock and 
blood product transfusion after lung resection [25–27]. This 
causes decreased compliance and increased afterload in the 
right ventricle (RV), which leads to a rapid onset of RV 
failure, decreased cardiac output, tissue hypoxia, refractory 
Fig. 2  Lung resection trends in 
trauma patients with lung injury 
who required lung resection 
between 2010 and 2016
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Table 3  Multivariable logistic regression analysis for risk of mortal-
ity in trauma patients presenting with lung injury
Significant p-values are in bold
LLR limited lung resection (lobectomy/segmentectomy), ISS injury 
severity score, ARDS acute respiratory distress syndrome
Risk factor OR CI p value
Pneumonectomy vs. LLR 4.89 3.18–7.54 < 0.001
Age ≥ 65 years 2.97 1.44–6.10 0.003
ISS ≥ 25 3.09 2.23–4.29 < 0.001
Cardiac injury 2.26 1.38–3.70 0.001
Traumatic brain injury 1.75 1.15–2.67 0.009
Complication
    ARDS 2.59 1.45–4.62 0.001
    Pneumonia 0.20 0.12–0.36 < 0.001
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shock, and death. Indeed, there were significantly more 
patients who developed cardiac arrest in the TP group than 
the LLR group. These physiological changes may be exag-
gerated in trauma patients, who are already suffering from 
other extreme physiologic derangements.
Therefore, interventions that minimize postoperative 
increases in PVR may improve survivability in TP patients. 
Inhaled nitric oxide (iNO) has been demonstrated to selec-
tively dilate the pulmonary vasculature, decrease PVR, and 
improve oxygenation and ventilation perfusion with mini-
mal effects on systemic hemodynamics [24, 26, 28, 29]. A 
blinded randomized controlled trial on sheep with hemor-
rhagic shock demonstrated that iNO could decrease right 
ventricle afterload, while preserving biventricular function 
and, therefore, may be a useful adjunct for patients under-
going TP [28]. Future large prospective trials using iNO or 
other novel treatments for humans undergoing TP are needed 
to try and mitigate the persistently high mortality associated 
with this surgery.
There are several limitations to this study including 
those inherent to a retrospective database study such as 
entry errors and selection and reporting bias. Our data were 
restricted to fields available in the TQIP database. For exam-
ple, lobectomy and segmentectomy were grouped together as 
LLR, while they have been analyzed separately in previous 
studies. Missing pertinent data fields include the indication 
for operation, extent of injury (i.e., American Association for 
the Surgery of Trauma (AAST) lung injury grade), surgical 
technique (i.e., hilar twist, clamp resection, staple resection), 
intraoperative physiology, intraoperative surgical findings 
(i.e., cardiac injury or great vessel injury), surgical duration, 
intraoperative blood loss, percentage of lung resected, and 
whether ischemic pre-conditioning was utilized. In addition, 
we were unable to include perioperative data such as fluid 
resuscitation, ventilatory management, and hemodynamic 
support with vasopressors. The timing of death and cause 
of mortality were also not available. Furthermore, we were 
unable to determine if patients who went for re-incision of 
recent thoracotomy site were planned or unplanned cases 
returning to the operating room. Lastly, we were unable to 
evaluate the laterality in this patient population, which may 
change outcomes as a right pneumonectomy has been asso-
ciated with a fivefold increase in mortality compared to a left 
pneumonectomy in elective thoracic lung resections [23, 30, 
31]. These limitations could ideally be addressed in a pro-
spective study or with data containing the aforementioned 
missing information in future versions of TQIP.
In conclusion, TP continues to be associated with a higher 
mortality compared to LLR. Furthermore, the mortality rate 
appears unchanged compared to previous historical reports. 
Future investigations should focus on identifying alterna-
tive interventions to manage TLI to avoid performing TP 
and/or pharmacologic interventions that may mitigate the 
deleterious cardiopulmonary effects of TP. Until then, we 
recommend that surgeons reserve TP as a last-resort man-
agement given the continued high morbidity and mortality 
associated with this procedure.
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